In order to elucidate the relationship between cyclic AMP and the Ca2+-calmodulin system in the steroidogenic response to adrenocorticotropic hormone (ACTH), the effects of calmodulin inhibitors (trifluoperazine and W-7) on cortisol production and cellular cholesterol ester hydrolysis induced by ACTH or dibutyryl cyclic AMP in bovine adrenocortical cells were examined in the absence of extracellular Ca2+. These calmodulin inhibitors inhibited not only the cortisol production and the cholesterol ester hydrolysis induced by ACTH in the absence of extracellular Ca2+, but also inhibited the dibutyryl cyclic AMP-induced cortisol production and the cholesterol ester hydrolysis in the absence of extracellular Ca2+. These results suggested the possibility that cyclic AMP action was mediated by the Ca2+-calmodulin system in the activation process of cellular cholesterol ester hydrolysis in the steroidogenic response to ACTH.
The rate-limiting of the cholesterol side chain cleavage reaction, which is the ratelimiting step in the steroidogenic response to adrenocorticotropic hormone (ACTH), is considered to the supply rate of free cholesterol to adrenal mitochondria (Stone and Hechter, 1954, Boyd and Trzeciak, 1973) . Hydrolysis of cellular cholesterol ester is an important step in supplying free cholesterol to the mitochondria in the steroidogenic response to ACTH (Boyd and Trzeciak, 1973) . The stimulation of adrenocortical cholesterol ester hydrolase has been thought to be due to the cyclic AMP dependent protein kinase system (Boyd and Trzeciak, 1973 (Gamble et al., 1978) . Cellular cholesterol ester hydrolysis was estimated from the decrease in the amount of cellular cholesterol ester content as described previously (Sekimoto et al., 1983 
Discussion
Cellular cholesterol ester hydrolysis has been thought to be activated by cyclic AMP dependent protein kinase system in studies of cholesterol ester hydrolase obtained from adrenocortical cytosol fraction Trzeciak, 1973, Beckett and Boyd, 1977) . On the other hand, it has been suggested that there are two types of ACTH receptors on the surface of adrenocortical cells : one is the high affinity receptor which is concerned with an increased Ca2+-influx and the other is the low affinity receptor which is coupled to increased cyclic AMP accumulation in the cell (Yanagibashi et al., 1978) Yanagibashi, 1979) . Moreover, it was suggested that the cholesterol ester hydrolysis was possibly activated by the Ca2+-calmodulin system to increase the rate of supply of free cholesterol to adrenocortical mitochondria in bovine adrenocortical cells (Sekimoto et al., 1983) .
From the data obtained in our experiment, there was a good correlation between the inhibitory effects of calmodulin inhibitors on cortisol production and cellular cholesterol ester hydrolysis induced by either ACTH or dibutyryl cyclic AMP in bovine adrenocortical cells in the absence of extracellular Ca2+. Since it has already been reported that calmodulin inhibitor did not inhibit the crude mitochondrial enzyme system involved in steroidogenesis (Sekimoto et al., 1983) , the inhibitory effects of calmodulin inhibitors observed in this experiment could be due to the inhibition of cel- filaments beyond the cyclic AMP accumulation in the cell to facilitate the transport of free cholesterol to the mitochondria in the steroidogenic response to ACTH in rat adrenal tumor cells (Hall et al., 1981) . As mentioned above, however, the site of action of the Ca2+-calmodulin system beyond the cyclic AMP accumulation in the cell might be due to the activation of the cholesterol ester hydrolysis. This assumption is supported by the suggestion that purified cholesterol ester hydrolase obtained from bovine adrenocortical cytosol fraction was activated by the addition of Ca2+ (Beckett and Boyd, 1977) , and a Ca2+-dependent phosphorylation system, which was regulated by Ca2+-dependent regulatory protein, might be present in rat adrenal (Schulman and Greengard, 1978) . Then, the relationship between cyclic AMP and the Ca2+-calmodulin system in the steroidogenic response to ACTH could be accounted for at least in part by the results of this present study, e.g. the possibility that cyclic AMP action was mediated by the Ca2+-calmodulin system in the activation of cellular cholesterol ester hydrolysis in the steroidogenic response to ACTH was indicated in the bovine adrenal cortex.
